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AIISTI{AGI’

Wc have dci,cdcd the ‘1’ ‘1’auri stm, 1)0 ‘l’al] ri, i]) a O.[;’’-l(:sol[]ti[)]l  VI,A

]IIa]J of 43.3 (;l Iz (A == 7 ]11]1]) collti]luuln  c]nissioll. Up])ct  li]il  its to tlIc  f]ux

dc]lsitics at 8.4 and 22.5 Gl]z li~]]it  the co]lt,riljutio]l  of f’Ico free cnnission

duc to a coIIl pact io]lizcd  wi]ld to l e s s  tfllarl 49(A. A Imwcr- law fit to our

colltilluull]  lllcasurc]nc]It,s  from 43.3 to 232.0 (;1 Iz yields a s])cctra]  indm, ~,

of 2.39+0.23  for tlIc  coIlti]luu]II  c]nissio]l,  where  1~,, M v~y . ‘1’lIis co]] firms  that

tllc 43.3 (;llz  unissio]]  js tl]crma] radiat,ioll  frOIII  circulnstcllal.  dust  a]ld l e a d s

to a dusi c]nissjvjty  jndcx,  /3, of 0.39+0.23,  jf tlIc  cInissioll  is optically t,lli]l.

11’i{tiIIg  a II JOCICI of a tl]in  cim]~nstcllar  djsk to t hc obscrvwl  sjKctIal  cIIcrgy

dishibutiol)  resul ts  iII @ = 0.6 4: 0.3, co]lsjsk]~t  wjtll  tllc ]mwc]-law  dcrivatio]l.

‘1’llis  c]nissjvity  j]ldcx  for dust ill a circumsl,cl]al  disk aroun(l  a young  ‘1’ ‘1’aurj

staI js sul)sta]liially  lowm  than is typical for tl](! j]]krstcllar  ]I]c(liulll  a]ld m a y

j]ll])ly a sl]ortj  for]naticnl  tj]]]c for ]n]n-si7,c  grai]ls.

,$’u6.jcci  hUId~?l.9S:  stars:  j]ldividual:  1  )0 ‘J’a,uri stars: for]]latio]l

c.i]”(;lllllstjcllal  ]I]atkr })la]lct,ary  systcmIs
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1. In t roduct ion

At ]cast .50% of ‘1’ ‘1’auri stars (’1’’1’s) al)lmar  to l){: surrouIIclcd  I)y circumstc]lar dust

disks  (StroIIl  ct al. 1989; IIcckwitl]  et al. I W O ,  IIcrcaftm 1] S(l(;  ; AIId16 & MoIItIncrlc

1994; IIc]lllillg  & ‘J’lIi-rmII)  1994; OstcrlolI  & llcckwitll 1995). Glolml disk prolmtics  CaII

lm illfcrrcd frolll  IIlodcls  of spectra] cl Icrgy distlributiol)s (S131))  frf)l,) i,, frarcd to ,nilli]nctrcr

wavclcngt)hs  (Adams, ],ada,  & SIIU 1987; }Icc.kwith  & SargcIIt  1993; Mannillgs  & l!IIIcrsoII

1994 ). Masses HI Id sires arc silnilar  to tlIosc  assulllcd  for tjllc cal]y solar  IIcbula,  suggesting

tllail tlIc  disks I nay lN l)rotol~lallc:t)alj~  (cf. IIS(;G; IIcckwitl]  & SargmIt  1 993).

‘1’lIc Inoclc]s rc]y 011 assulnl)tions  about disk 11101 I)lIology aIId radial structure, arid

about  tllc IIatlUrC  of t h e  cmlstitucllt  dust  grains. Sul I-aImccolId  rcsolutliml is Ilcccssary

to i]]lagc  tllc disks dirmt]y  a]ld lncasurc propmtics  011 sl)at,ia] scales of %100 AIJ at the

distallcc of tlIc  lICarCStJ stjt]l’-fc)l”lllillg  regions (1 40 ~)c). Grain size alId colnpositio]l  ill tllcsc

potmltjially  })lilll(:t-ft)l]l-lillg  clisks can  bc inferred by dctcnnini]lg  tllc  s]miral  i]ldcx,  /3, of t}ic

grail]  o]mcity  (cf. l’o]lack  ct al. 1994) wlIcn I,l]crmal radiatio~]  frOIII (lust  lmrticlcs ill the disk

is ol)tically tllill. At wavelengths lo]lgcr  than 3]nm,  i I)c c]l]ission js likely to 1x; optically

tlli]l and is well i]lh the llaylcigll-~cms  part of tllc l)la]lck  curve. Altlloug]i  dust co]]t)i]luulll

radiat)ioll  l)as lxx]]  dctjcctd  fro]]l  a IIu]]lbcr  of ‘l’rJ’s at ~ == 3 111111  (Sargcllt & lkxkwith  1993

a]ld rcfcrcl]ccs tllcrcin),  110 tllcr]llal clnission  IIas bee]) clct)cctcd  ullallll~iguousl  y at  lo]lgcr

w:~vclen~tl)s  (Mlll)dy  d a l .  1993) .  ‘J’llc  rcquird  s])atial  rcsoluiioll  and  IIIJy sc]lsitivitics  call

Ilow Ix: dlicvcd  usi]]g tlic V1,A at wavclcngt]ls  o f  7 ]Illr] a]]d lwyoIld.

1)() ‘J’auri is a you]lg  (PJ(i.O XIOS yrs), low-lnass  (NO.7 llfi, ), ‘1’’1’s ill tlIc  ‘1’aurus star

for]natio])  m)]n])lcx  at a distance d 140 pc. ‘1’lic S111  ) is co]lsistclltl wit]]  tllc pmm)c. c of a

wO.01 MC) circull]stcllar disk (I ISCG;  lkxkwith & SargcJlt  1991 ,  llcrcaftcr  11S; Mallnil]gs

& l;IncrsoI]  1994) .  Asyl~~nlc.tric,  bluwsl)iftcd,  [01] and [S11] fort)iddcl]  line clllissiol]

(ApImIzcllcr, Jallkovim  & Ostrcic}lcr 1984; IIklwards ct al. 1987;  Iklwarcls,  ha-y & MuIIdt
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1993) is rcso]vcd  as an o~)tical  jet at 1’A 70° (llirtlI  c{ al. 1994). ‘1’llc jet, is ap})roxilnatc]y

ortllogo])al  to tl)c  direction of lillcar optical polarization}, 1’A N 170° (Ilastiui 1982), and

to t,l)c lo]lg axis of (10 (2--}1 ) cl)~issioll  dctcctcd in almturc  syl~tllcsis  ilnagcs  of 110 ‘J’au,

lJA ~ 1 6 0 °  (Kocr])cr  &  SargcI]t,  1995). l{inclnal,ic  Jt]o(lels  of ll)c lnolfc~llar  line  clnissioll  arc

collsistcllt  with tllc prcsc]Icc  of a circumstcllar  disk i,lltit  is Cxvlt,rif’l]p)ally  supportcxl  within  a

radius or 350 All frmll  1 )() ‘1’au (I<omicr 1994).

IIcrc, WC rcjmrt o]) sub-arcsccolld  i~nagcs  of the ~ == 7 ]n)l) cll}issioll  fro]]} 1)0 ‘J’au wllicll

w e r e  Illadc using tllc rccc]]tly  upgradcx]  Very I,argc  Array (V1,A)  of tl]c  National  1{.adio

AstroI)o]]Iy  ~bSC1’ViltOl’y] . Wc llavc  supplc]l]cnicd  tlltm lI]ctisI]IcIIl(J]its  willl  colltilluuln

observat ions of’  1)() ‘J’au at oi,l)cr  wa.vclcllgtl]s  to sarnl)lc  tlllc  sl)cct I’ill dishitm~ioll  clnissioli

frol]l ~ == 1 . 3  11)111  to 3 . 6  clI) and iml)rovc  our ulldcrstandinp;  of  p,raill  l)ropcrtim  ill Lllc

Circu]llstjcllar  IIlat)crial.

2. Observations and Results

‘1’l]c VI,A was used to observe 1)() ‘1’au  ill radio tmtinuul]l  cvllission  at, 43.3, 22.5, and

8.4 Gllz (A = 7 J])l]l,  1.3, and 3.6 clrl). ‘1’llc j)llasc cmltcr  was ofkwt 1“ ill bot]l  I{A arid I)CC

frolll  tllc stellar positjol)  of 1)() ‘] ’au (Ilcrbig  & IIcl] 1 988),  m)d tllr flot al lmldwidtll  was 100

h411z ill right ar)d left circular polarizatio]ls. observat ions at 43.3 (;llz~vcr(:calliccl  out ml

1994 Al)ril 3  4 with tlIc  j]]ncr  SCVCII  ar)tc]lnas  of tl]e Ilig})-rcsolutio]]  A collfiguratioll,  a~ld

o]) 1994 August, 20 wii]l 10 inl)cr  a])tcn])as  of the 11 collfig~l]atiol).” IIasdi]]cs  upto  5.6ki]]

])rovidcd  lJV covua.gc  iII tJIc ra]lgc  30 800 k~. ()]1 Imth  dates,  1)() ‘1’au was o b s e r v e d  at,

22.5 and 8.4 (;llzllsi]~g  tllclcll)aiI](lelof  tllcVl,  A’s27  alltcl)llas. (J\~(’o\Tc:]’agc\vas~O  2700

‘Nl{Aois  o})crat,cd by Associated lllli~~(~lsiticsl~lc..  ~ll]clcr(:()()l)(:lilti}~c  agrcclllcl]t  wit,]) t,l Ic,

National Sciclic:(:  l’(Jllll(l:ltioll.
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I<A at 22.5 G]lz a]ld 20 1000kA at 8.4 Gl]z. AIMoluk flux dcllsitim ~~’(:~ccaliljlatc(l  usilig

3(;48  mid 3(;286  wit)li  m) csti]l)aicd  ullccrtaillty  of 2 0 % . At 43.3 (; IIz,  gail~ calibration was

accollll)lisllcd  wit]] })criodic  observations of 0333-1321 with  a ]~]casllrcxl  flux dcllsity of 0.98

+ 0.06 Jy. At 2’2.5 Gllz aI)d 8.4 Cllz, the gail]  calibrator was 0400-I 258 with flux densities

().65 + 0.03 Jy aIId 0.83 + 0.01 Jy, rcspcctivc]y.

l)ata calil)ratio])  aIId ]nal)pillg  u s e d  staII(lard  rollt, i]lcs  i]] (lIC Nli  AO AII’S  softwwrc

}mc.kagc.  l)aytilllc  atlllosl)llcric l)l]asc f luctuat ions during  A array olmematiol]s  IIccmsitatcd

cxt,cllsivc  cditill$  and al)l)lic,a,tioll  of a Gaussian talj(’r  t o  t,llc lJV (Iata,  rcsultiTlg  in a

O.&S” x 0 .53”  (l~Wllh4)  syl~illcsizccl  bmu]] at I)A - -78” . ‘1’his  con mjmIcls 1,0 95x 74 AU

at, ilIc  1 4 0  ])c dista]lcc  o f  tl)c ‘1’aurus I]]olccular  clou(l  (Itlias  1978;  l<c]Iyo]l,  l)obrzycka,

& llarlJ)lallll  1994). l~ig. la[lis])ltlyst  l~c(; l,l;ANc[]  il]la.gcofl)O ‘1’au  a t  4 3 . 3  Gllz. AII

ulIrcsolvcd  source  wit]] flux dmlsity  1.80 +0.71  Itltly is dctcctjcd  at, tlIc  s tel lar  ])ositio]l,

a{] 950) = 04)’35 7)’24.1 9S J(1950)  == 26 °04’54.5”.? ‘1’11(:  +0.71  IIIJy u]lcmtai]ltly  i]lc]udcs

rIIIS variatio])s  ill tlIc  II~ap (+ 0.35 I~~Jy bin -] ) aIId a possib]c  20(X error in abso]utc  f lux

calil)ratio]l.  At 22.5 aIId 8.6 Gllz, 1)() ‘l’au was ]Iot dctcctcd witllill  t,llc arm cllcol~llmsscd

by t,llc  43.3 Gl]z sylltlicsizcd  I.)cal]l  to 30 levels of 0.76 and 0.17 l]IJy, rcspectivc]y.

observations were ]Iladc  with the OWCI]S Valley l]lillilllctcr  array at, 89.2, 111.2, 221.5,

a])d 232.0 (Illz ((:ol~’(:sl)()~l(lillg  to A = 3.4, 2.7, 1.4, and 1.3 II)~n) Imt,wcc]l  1993 %pt,cll]lm

and 1995 Marc]l.  h4c!zlsI]~[:I])c:])ts  at 89 (;1 lx wcm  Illadc  with six tclrscolws;  four were used at

110 Gllz, al]d five at 220 and 230 Gllz. overall lJ\~-ranges wcm  5 60 k~ (89 Gllz), 5-25 k~

(110  (; IIz), aI,d 1055 I<A (220 IIz a],d 230 GIIz). I{csulti,]g  l’\l)llhfl  sy~lt,llcsizcd  l~ca,ns arc

listed ill ‘1’al)lc  1. AI IkIIIIa gains  were dctcrmiucd fro] II periodic olmrvatio])s  of 0528+134

and absolute f lux dmlsity  calil~rai,  iol] Ivas ljascd  0]1 I] lcasurcl)  lc]lts of IJlallus.  1 )ata wmc

calilnatcd using t,llc  OWCI]S Vidlcy  software ~)ackage, MMA, aTId ]Ila])]wd with All’S. At all

four  fm]uc]~cics,  co]lti]~uull)  c]nissioll  is ulIImolvcd  aIId peaks al tl]c lmsition  of the V1,A
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wit]) p == 1.5 01’ 1 .75. ‘1’llc ll-lillill)ct,c:r-wave: cll]issivil)  of tllc grains was givcll by }; ==

o.l(v/low. z)fl CI112 g-’. ‘]’hc oukr radius, 1{~, was a IIowcd to lake o]l values lxiwcm] ’22

aJ)d 350 All; I,I)c fonncr  is tllc lower ]ilnii,  to disk size if all A =- I Itl Tt] clllissioll  js ol)tica]ly

thick (11 S); I,I)c  latter js tllc dcco]lvolvcc] IIalf-ll]axilllurn  radius of tlIc C()-c]nittjllg  rcgioll

(I{ocml’ &, sal’g(!llt  1 995). ApCJtUIT syntl)csis  i]] Jag(s  of illc (;() (:]~lissioll  suggest  the

illclillatiol]  al)glc  of Ll)c d i sk ,  0, is 40° (KocrIIcI & !Mrgcnt  1995). l“IwIn tlIc 12, 25, a]ld

(;0  /IJII  lliAS fluxes, w]licll  ])robc optically thick rcgioils  of tllc  disk, wc ol>tai]l  ‘1’ n 218

K at 1 All wit]) q = 0.54, very CIOSC  to tllc WIIIJC derived by llS(;(~  for a fi~cc-on  disk.

IIcst-fit  v~lucs  of/3 aJ)d M~, the total disk ]nass,  were cstilnatcd  froll] tllc  II]illi]llulll rcduccc]

X2 valIJc.  AcccIJtablc fits,  wjt]l X2 f~]lillg wjthill  11~~ = 1 of its ]Iliilillluln  value, were

found for tl)c  clltirc raJ)gc of 1) and lid va]ucs. ‘I)hc IJcst-fit  ]JIodcl,  wit]] /3 = 0.6 + 0 . 3 ,

2 = () 77, is l)lottcd ill l“jg. 3 a sMd == 1 , 0  + 0 . 5  X  10-2 Afo, p D 1,75, I{d == 350 All, a n d  ~ .

a so]id ]illc, a]ollg  wjt]l Il)c ]umillosjty  distrjbutjoll  dmjvcd fmll lli AS, sll]~llli]lilllctc~’, mid

IIlilli]llctcr  obscrvatjo]ls  of 1)0 ‘J’au. ‘1’l]csc ]mlan~ctcr~  y ie ld  A  w ().28 at A = 3 TI]nl (usjllg

cq]~. 20 of 1) S(;(;) aJId II)akc })ossib]c  a rcvjscd  csti]natc  of @ fmn t I)c powc]-]aw  fit to data

]) J’CSC1 Itd ] IC1’C. l“or A == 0.28 and a = 2.39, wc obtain  /3 == 0.504 0.23, jl] good agrcclnmlt

wjtll  {,1 Ic value obtained froln  tllc disk-  ~llodcl  fit to tl)c cnt, irc ]ullli]losity  distribution).

lb] t,l)c 1Sh4, i t  js coInmoI]ly  assul]lcd  that  /3 i s  about  2  jll tlic ~vavclcngt]l rcgio]l

co]] si dcrcd II cm (Mat]}is  1990), although values as Io\v as 1.3 llal’c  lxx:]) obtaillcd  froln

lalmratory  studies (Agladm ct al. 1994). J,OW values of ~ in ‘1’-’auriri  dust  disks have been

jllfcrrcd fro]]] slll~-llli]lilllct,(:l’  obse rva t ions  (1]S; Manlli])gs  &, II)IIICISOII ] 994),  but optical

dc])th  cflccts aJId jllsuffic.icllt,  spcctml covcrag;c jntrodllccd  collsi(]eral)]c  u~lccrt,ai]lt,  ics. ‘]’]]c

dcrjvat,joll  for 1)() ‘J’au is collstraillcd  by dcllscr  sal]lplitlg  al s~ll)-ll~illill}ctc:l  wavelengths and

wider spccha] covcragc at ]oIIgcI wavc]c~lgths.  NcvcrI  hc]css,  wc o!){,aill  a surprisi])g]y  low

value of {i, bctlwcc]l  0.39 and 0.6.
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A variety of 1)11 -ysical  and  cllcll)ical  mpla]]atio]}s  for low val ucs of [j l)avc lXXVI l)roposcd

(Wrigl]t  1 9 8 7 ;  1]S; Kriigcl  & SiclmllIlorgml  1994; (Jss{:llkol)f  & IIcllllillg  1994; l’ollack  ct

al. 1994),  i~lc.luding  grail]  gmwtl]  (Miyakc  & Nakaga~\a  1993). II” t,llc a v e r a g e  grail] size i s

stcadi].y  illcrcasillg, rcflcctjill,g  IJlallctmill]al  fornlatioll  ill i,llc lat,c ‘J1 ‘J’allri  ~)l)asc,  [; s]iould

dccrcasc  as disks age. IIowcvcr, ])(l ‘l’au isrclativcly  youl]g, W6  x l(!) yrs, witJl  aII ou t f low

ty})ical of all ac t ive  d i sk ,  iln])lyillga  very  Sl)o]tj ti]llcs[:alc  for graiTl  growt,}l.  l{ccmlt, 7 ]]]]]]

il~lagcs  of a sourw at a vcr.y early si, agc of protostcllar  evolution, ll1124h4Nl S, also yield a

l[)w’v?illlc  ofp(cll:lll[ll(!r  ctal. 19%5).

Grain  sizc:sofl c:sstl)all  1 IIITH could  cxplail]our  ~alucforp  (d’. Miyakca])d  Nakagawa

1993).  ‘J’llcorctical  t,ilncscalcs  for })roductiol)  of 1111[1-sizC]~jar!,ic,l(s  ill tllc  mrly s o l a r  ncbu]zi

arc quit, c slIort (N 100 yr) (cf. 1~’ig. 19, Chzzi, l)ol)rovo]skis,  & (~lIaIIl])IIcy  1993),  collsist.,cllt,

with our ol)s(:l.l~at,iolls.” Otllcrcffccts  callllot  l~crul(:(lollt,l)owrcicl,  all(ltllc~?llllcof~at

a later l)lallctl-forl]lillgstz~gc  of disk cvolutlion whcll dust is dccm])lcd  from tllc gas and

settles il]to  tllc ])la]lc ll)amy  Lc dif~crcllt again, sillcc collisions wllic]l  lead to accumulation

of  l)lallctcsilllals  also gcl)cratm a substantial  populatjoll  of sl[lallcr  dllst  grail)s  (Ijissaucr  &

Sflcwart  1993). l,o])g ll)lll-w~lvcl(:llgtlll  ol)scrvatio]ls  of a statistical salll})lcof  ‘1’’1’s wit]l a

raTlgc of ages arc clcar]y rcquircxl  to address Lllis }n-ol)lcm.

Wc arc grateful to 1). Wood for ‘?lssistfaucc:  duri]lg  t IIC firs{ scasoII  of 43 G]lz ol~scrvatiol]s

at  tllc VI,A. 1).W.K.  ackllow]cdgcs  sup})ort  for this work  frol]l N A S A  grmlt  NG’I’-5IO7I

and a fcllowslli])frolll  tl)c  Natimlal ltmcarcll  Counc i l . ‘1’llc owt]]s  \/alley IIlillilllctcl-wilv[;

array is su])]mrtcd  by NSl~ .gallt  AS’1’-93] 4079. l{,cscarch by A.1 .S. o]) protoplallctary  disks

is furt,llcrcd  by NASA grant  NAG W-4030 frm]l tile “origi])s  of Solar Systcll)s”  progrmn.
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IOw]ucllc.y IJlllx 1  )Cllsitjy Statistical ‘1’otal Sy]ltl}csixrd  llcam l’aralnctcrs

(Gllz) (m.ly) crr[)r (]]-IJ y) error (mJy ) 1) 71LOj ll~,,i~, 1 ‘A
.—. .. —. ——. . ..— — .=, -, —

8.4 <0.17 (3CJ) . . . . . . 0.41” 0.38” 120°

22.5 <o.76 (30) . . . . . . 0.25” 0.23” --10°

43.3 1.80 0.35 0.71 0.[i8° 0.53” -78°

89.2 14.2 O.g 3.74 2.W” 2.10” 82°

111.2 30.2 4.5 10.5 13.0” 5.4!1 -.yy

221.5 ~~.(j 4.9 24.2 3.9s” 3.15” 62°

232.0 137.5 4.9 32.4 3.41” 3.1 5“ –84°
.——

‘1’able 1: 1{.adio  (VI,A)  mld ]Iln-waw (O\~l{())  Col)tinuu,n  l’lux  l)c]isitics fro],] 1 ) ( )  ‘J’wri.

‘l’otjal  errors illcllldc  20%, ullccrtai])ty  i]] tjl]c absolute flux delisity  (alibratioll.
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l’ig. 1.- a) V1, A i]])agc d 1)() ‘1’auri at 43.3 GIIz. (b])tinullll)  cl)iissiol) is associated witlI

tl)c  stlcllar  lmsiticm o f  1)0 ‘1’auri. C o n t o u r s  arc sqmatcd  I)y 0.35 ]i).ly (1 0), startillg  at

tl)c  20  lCVC1; b) OWCI)S Va l ley  array lnap of 89.2 GIIY c.olltilluul]~  el]lissioll] frolll 1)() ‘1’auri.

Co]ltours  arc spaced at 20 i]]tcrvals  of 1.8 mJy . ‘1’11( positimi  of ttlc  43.3 (;llz  clnission  is

lnarkcd wit,])  a cross;  c) OWC]]S Valley array lnap at 221.5 Cllz.  Co]ltoll]s  arc at 20 illicrvals

of 9.8 InJy  slid lm~ill  at tllc 20 ICVCI. At cacli frequc[lcy,  t h e  sylltllcsizcd  bca]tl  is S11OW]I ill

tllc 10WC1”  left Corllcl”  of t})c lna])<
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Continuum Spectrum of DO Tauri
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l“ig. 2.- (k)lltilluul]l  IIlCZlSlll>Cl]lC])tS  of 1)() ‘l’all  as a fullct;on  of frcqL]cI)cy. ()]lly  upper l;ll)its

arc plottcxl  at 8.4 and 22.5 Gl]z. A power-law fit to flllx dmlsitics  al 443, 89, 110, 220 and 230

(;IIz w;tll  s})cctral  ;Ildcx  n = 2.39+0.23  ;s shown as a soljd ]jlIc. ‘J’11(: dasllcd  ljl]c l’C])ICSClltS

aII cxtra}mlatioll  fro]]) tllc 8.4 Gl]z limit w;tll  a = 1.0,  typical  of al] iollizcd  stellar wil]d.

‘]’]Ic  ])crccIIt,a,gc  of 43 Gl]z flux t,}lat,  c o u l d  alisc frolt]  al I jollizml  j(t, is cvjclcntly  less  t,l]an

49’%.
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DO Tauri Spectral Luminosity Distribution
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S])cctral  lulllillosity  distribution of 1)() ‘1’auri. l’lol,twl  IIIC:aSIIIe]IICIIiS am fro]n

(f ind cirdm), 11 S(;(; and 11S (find squaws), Adalt]s  ct al. (1990) (oIJc]l squarm),

WcjIIt,raul)  d al. (1 989) (fillccl  tria]lglm),  Ma],nings  & l)m(:rson  (1 9 9 4 )  (O]JUI  dialno~l[]s),

ar)d Weaver &, Jol Ics (1 992) (opcl  I Lriang]cs).  }4;rror  1 lam arc sl]okvll only if larger t})ali  the

sy]lll)ol.  ‘1’IIc solid li]lc!  rc}JIxmIIt,s  tlIc  c:x])dd  cmissio]] frWIII a tl}ill  circu~]lst,cllar  disk wiih

pamlndws as givml j]l tlIC kxt.


